is study was conducted to identify factors associated with lymph node (LN) metastasis in nasopharyngeal carcinoma (NPC) patients, analyze node distribution patterns, and explore the prognostic value of the LN metastasis level for survival. We included 2994 patients with primary NPC diagnosed between 2006 and 2015 with information in the Surveillance, Epidemiology, and End Results (SEER) database. Patients' demographic and clinicopathologic features were compared according to LN status using chisquared tests. e 5-year overall survival (OS) and cancer-specific survival (CSS) rates were calculated by the Kaplan-Meier method, and the differences were estimated by log-rank tests. Multivariate Cox proportional hazard models were used to evaluate independent risk factors for OS and CSS. Logistic regression was used to evaluate the risk of each LN metastasis category for distant metastasis. ere were 695 patients in the N0 stage and 2299 with LN metastasis (classified as stage N1, N2, or N3). e overall incidence of LN metastasis was 76.8%. Sex and T stage were not associated with LN metastasis. Older patients had a significantly worse 5-year OS and CSS than younger patients. In terms of histologic type, keratinizing squamous cell carcinoma had the lowest 5-year OS and CSS at 48.2% and 53.8%, respectively. e most common nodal involvement level was II (65.9%), followed by III (29.1%), V (25.6%), I (17.6%), IV (15.7%), and retropharynx (13.5%). e skip metastasis rate was 5.7% (130/2299). Patients with only level II metastasis (classified as level 2) was the most common category, accounting for 30%. Compared to level 2, patients with only level I (classified as level 1) had an OR of 2.101 (95% CI: 1.090-4.047, P � 0.027) for distant metastasis, patients with simultaneous levels II, III, IV, and V (classified as levels 2345) had the highest OR of 4.064 (95% CI: 2.155-7.666, P < 0.001) for distant metastasis, and level 24 had an OR of 3.003 (95% CI: 1.074-8.395, P � 0.036) for distant metastasis. In survival analysis, levels 235 had a significant HR of 1.708 (95% CI: 1.089-2.678, P � 0.020) for CSS compared to level 2 after adjustment for age, sex, race, histology, TNM (tumor, node, and metastasis) stage, and treatment. Hindawi Journal of Oncology Volume 2019, Article ID 4094395, 8 pages https://doi.org/10.1155/2019/4094395 CI, confidence interval; LN, lymph node; NPC, nasopharyngeal carcinoma; OR, odds ratio; rp, retropharynx. Level 2 means the patients with only level II LN metastasis. Levels 23 means the patients with level II and level III LN metastases, etc. Multivariate analysis adjusted for age, sex, and race.
Introduction
Nasopharyngeal carcinoma (NPC) is a rare cancer arising from the nasopharynx epithelium. Globally, the incidence rate of NPC is less than 1 case per 100,000 person-years [1] ; however, it is as high as 20 to 40 per 100,000 persons in endemic regions such as Southeast Asia and North Africa [2, 3] .
Among head and neck cancers, NPC has the highest preponderance for regional lymph node (LN) metastasis [4] . Due to the region's vast submucosal avalvular lymph capillary network, the incidence of LN metastasis is as high as 70%. With the development of advanced imaging methods such as magnetic resonance imaging (MRI) and positron emission tomography/computed tomography (PET/CT), LN metastasis is detected more easily and accurately. LN metastasis patterns are significant predictors of distant metastasis and have prognostic effects on overall and distant metastasis-free survival [5, 6] . To our knowledge, most studies have focused on the distribution probabilities in each level [7] [8] [9] ; however, there is limited information about prognostic value of LN metastasis category in distant metastasis and survival.
Radiotherapy is the primary and only curative treatment for NPC. Intensity-modulated radiotherapy (IMRT) is the preferred method as it provides the therapeutic benefit of dose escalation to tumor tissue with reduced toxicity to normal tissues [10] . Compared to other treatments, IMRT has reduced radiation-related toxicity and can improve NPC patient-reported quality of life [11] . Morbidities of IMRT including dermatitis, odynophagia, neck fibrosis, and brachial plexopathy are associated with the larger field of the cervical LN target volumes [12] . e definition of the appropriate clinical target volume for cervical LN in NPC is still a matter of debate [13] .
e Surveillance, Epidemiology, and End Results (SEER) program is a well-established and extensive collection of data from cancer registries throughout the United States [14] . It includes almost all cancer incidence, prevalence, demographic, and clinicopathologic datasets. In this study, we sought to investigate factors associated with the incidence of LN metastasis and calculate hazard ratios (HRs), overall survival (OS), and cancer-specific survival (CSS) in 2994 NPC patients. We also analyzed LN distribution patterns and evaluated the LN metastasis categories, which may predict the prognosis of 1884 NPC patients with complete information of LN involvement level.
Materials and Methods

Study Population.
e SEER program collects data from 18 original registries that cover approximately 27.8% of the U.S. population. We used SEER * Stat version 8.3.5 software to extract the data from the SEER database. We included patients who were diagnosed with only primary NPC from 2005 to 2016 using the International Classification of Diseases O-3 site recodes C11.0-C11.9 and histologic types 8020, 8021, 8070-8073, 8082, and 8083. Patients were excluded if the type of reporting source was from autopsy or death certificate. We also excluded those without complete stage information. Ultimately, 2994 patients were included in this study.
Incidence rates were age-adjusted to the standard U.S. 2000 population. e annual percent change (APC) in incidence was also calculated with a 1-year end-point, and significance testing was performed with weighted least squares.
Age was grouped into five categories: <40, 40-49, 50-59, 60-69, and >70 years. Racial classifications were Asian/Pacific Islander, White, Black, American Indian/Alaska Native, and unknown. Based on the World Health Organization (WHO) classification scheme, histology was divided into keratinizing squamous cell carcinoma (KSCC, SEER codes 8070, 8071; squamous cell carcinoma), nonkeratinizing carcinoma (NKSCC, SEER codes 8020, 8021, 8072, 8073, and 8082; undifferentiated, anaplastic, large-and small-cell nonkeratinizing carcinomas, and lymphoepithelial carcinoma), and basaloid squamous cell carcinoma (BSCC, SEER code 8083; basaloid squamous cell carcinoma). e AJCC 6th (diagnosis years from 2006 to 2009) and 7th (diagnosis years from 2010 to 2016) editions were used for staging.
Based on a study that demonstrated superiority of the 7th edition [15] , we reclassified the T2a category in the 6th  edition to T1, and T2b to T2. LN metastasis levels were coded  based on the Collaborative Stage Site-Specific Factors (CS  Site-Specific Factors 3 and 4) including levels I, II, III, IV, V, and retropharyngeal (rp) LNs. A patient with only level I metastasis was classified as level 1, the patient with level I and II was classified as levels 12, etc. e patient that skipped a level would be classified accordingly (e.g., levels 124).
Statistical Analysis.
Comparisons of categorical variables between patients with and without LN metastasis were performed using chi-squared tests. e 5-year OS rates and CSS rates were calculated by Kaplan-Meier analysis, and survival differences were estimated with log-rank tests. Logistic regression was used to evaluate the risk LN metastasis category for distant metastasis. We calculated HRs and their 95% confidence intervals (CIs) using multivariate Cox proportional hazards regression models to evaluate the effects of LN metastasis compound category on CSS. All analyses were conducted using SPSS version 25 statistical software (IBM Corporation). P < 0.05 was considered statistically significant.
Results
3.1. Incidence Analysis. We collected age-adjusted incidence data from the original 18 registry sites in the SEER database. e overall incidence of NPC during 2006-2015 was 0.33 patient per 100,000 population (0.49/100,000 for males and 0.19/100,000 for females). e annual overall incidence rates for the study period are shown in Figure 1 . ey remained stable (APC 1.45, 95% CI: − 0.59-3.53, P � 0.14) from 2005 to 2016.
Patient Baseline Characteristics.
A total of 2994 NPC patients diagnosed between 2006 and 2015 were enrolled, including 2139 (71.4%) males and 855 (28.6%) females. e male-to-female ratio was 2.5 : 1. e median age at diagnosis was 54 (range, 8-99) years. Most patients were White (47.4%), followed by Asian/Pacific Islander (37.7%), Black (12.4%), American Indian/Alaska Native (1.7%), and unknown (0.8%). Among NPC subtypes, NKSCC had the highest incidence at 55.6%, compared with KSCC (43.0%) and BSCC (1.4%). As for the TNM stage, 1610 (53.8%) patients were T1 + T2, 634 (21.2%) were T3, and 750 (25.1%) were T4; 1684 (56.2%) were N0 + N1, 906 (30.3%) were N2, and 404 (13.5%) were N3; 2695 (90.0%) were M0, and 299 (10.0%) were M1. 75.1% and 78.5% for the KSCC and NKSCC subtypes, respectively, P � 0.004). Surprisingly, no significant correlation was found for the incidence of LN metastasis regarding sex or T stage (both P > 0.05).
Factors Associated with LN
Influence of N Stage on 5-Year OS and CSS Rates and
Multivariate Analysis Findings. e 5-year OS and CSS rates for the entire population were 59.4% and 63.7%, respectively. As shown in Table 2 , the 5-year OS and CSS were significantly longer in the N0 + N1 group than in other groups (OS: 62.8% vs. 57.5% and 47.4% for N2 and N3 stages, respectively, P < 0.001; CSS: 67.7% vs. 60.9% and 51.1% for N2 and N3 stages, respectively, P < 0.001). Younger patients (<40 years) had significantly longer OS and CSS than older patients (OS: 76.6% vs. 67.5%, 59.9%, 49.8%, and 36.1% for 40-49, 50-59, 60-69, and >70 years, respectively, P < 0.001; CSS: 78.5% vs. 68.8%, 63.8%, 54.4%, 47.4% for 40-49, 50-59, 60-69, and >70 years, respectively, P < 0.001). Female patients had significantly longer OS and CSS than male patients (OS: 64.1% vs. 57.6%, P � 0.002; CSS: 68.9% vs. 61.7%). In terms of race, after excluding patients categorized as unknown (n � 24), Asian/Pacific Islanders had the highest OS and CSS rates at 67.3% and 70.2%, respectively, while American Indian/Alaska Native had the lowest OS and CSS at 43.8% and 45.3%, respectively. Among histologic subtypes, KSCC had the lowest OS and CSS (OS: 48.2% vs. 67.9% and 61.8% in NKSCC and BSCC, respectively, P < 0.001; CSS: 53.8% vs. 71.1% and 66.8% in NKSCC and BSCC, respectively, P < 0.001). Patients recommended to undergo surgery had better 5-year OS and CSS rates than those not/unknown recommended (OS: 65.9% vs. 58.2%, P � 0.006; CSS: 71.5% vs. 62.3%, P � 0.004). A total of 846 patients received radiotherapy, and their 5-year OS and CSS were better than that in patients without radiotherapy (OS: 66.9% vs. 56.3%, P < 0.001; CSS: 71.8% vs. 60.4%, P < 0.001). Finally, patients undergoing chemotherapy had higher 5year OS and CSS rates than those without chemotherapy (OS: 62.1% vs. 45.6%, P < 0.001; CSS: 65.9% vs. 52.4%, P < 0.001). We performed multivariate analysis using Cox proportional hazards regression modeling and found that age, sex, race, histology type, TNM stage, surgery, radiotherapy, and chemotherapy were significant independent prognostic factors for OS and CSS. Compared with the N0 + N1 group, N2 patients had a HR of 1.311 (95% CI: 1.135-1.514, P < 0.001) for OS and the N3 group had a HR of 1.625 (95% CI:1.357-1.945, P < 0.01) for OS. In addition, N2 patients had a HR of 1.351 for CSS (95% CI: 1.156-1.580, P < 0.001) and the N3 group had a HR of 1.630 for CSS (95% CI:1.342-1.979, P < 0.01).
Incidence and Distribution of LN Metastasis.
A total of 2299 (76.8%) patients with lymphadenopathy (classified as N1, N2, or N3) were enrolled. e distributions were as follows: 404 (17.6%) cases in level I, 1515 (65.9%) in level II, 670 (29.1%) in level III, 360 (15.7%) in level IV, 588 (25.6%) in level V, and 311 (13.5%) in the rp level. Eighty-one cases presented with level III LN involvement without level II LN involvement. We also identified 49 cases with level IV LN involvement without level II and III involvement. e skip metastasis rate was 5.7% (130/2299).
e Risk LN Metastasis Categories for Distant Metastasis.
After excluding 415 patients with incomplete LN metastasis level information, 1884 patients were ultimately unrolled. Level 2 is the most commonly-seen LN metastasis category in NPC patients with LN involvement (30.0% of 1884 eligible patients).
is was followed by levels 23 (8.5%), level 1 (5.5%), level 5 (5.3%), levels 25 (5.3%), levels 12 (4.0%), levels 2345 (3.9%), levels 235 (3.8%), levels 2rp (3.2%), levels 234 (3.1%), level rp (2.4%), level 3 (2.2%), levels 23rp (2.1%), levels 24 (1.5%), and others (19.4%). Table 3 shows that, taken level 2 as reference, patients with level 1 had an OR of 2.101 (95% CI: 1.090-4.047, P � 0.027) for distant metastasis, levels 2345 had the highest OR of 4.064 (95% CI: 2.155-7.666, P < 0.001) for distant metastasis, and levels 24 had an OR of 3.003 (95% CI: 1.074-8.395, P � 0.036) for distant metastasis after adjustment for age, sex and race, which were also statistically significant in univariate analysis.
Prognostic Values of LN Metastasis Categories for CSS in
Patients with NPC. As shown in Table 4 , levels 235 had a statistically significant HR of 1.708 (95% CI: 1.089-2.678, P � 0.020) for CCS compared to level 2 after adjustment for age, sex, race, histology, TNM stage, and treatment strategies, while it is not statistically significant before (P � 0.056). Level 3 had a significant HR of 1.709 (95% CI: 1.017-2.873, P � 0.043) in univariate analysis; however, it reduced to 1.602 (95% CI: 0.938-2.737) with no statistical significance (P � 0.084).
Discussion
NPC is a malignant tumor of the epithelial tissue, and its incidence and mortality vary by race, sex, age, and country [16] . In our study, the overall U.S. incidence of NPC from 2006-2015 was 0.33 per 100,000 population. Males are two to three times more likely to develop the disease than women, and the peak age of disease occurrence is between 50 and 60 years [1] , which was similar to our results (male-to-female ratio of 2.6 :1). Although substantial declines in NPC incidence rates have been reported in nearly all Asian studies [16] , we found that the U.S. incidence remained stable in our study.
In a retrospective cohort study by Challapalli and colleagues, Asian/Pacific patients had the highest NPC incidence rate, but they also had the highest 5-year CSS rate, while American Indian/Alaska Native had the lowest survival [17] . Lee and Ko analyzed epidemiologic patterns and survival rates for NPC patients using the SEER statistical program and found that poor survival was associated with older age, male sex, and KSCC histology [18] . Radiotherapy is the primary and only curative treatment for NPC [19] . A meta-analysis examining the effects of concomitant chemotherapy with and without adjuvant chemotherapy in NPC demonstrated improvement in OS [20] . Sun et al. performed a retrospective population-based analysis and provided evidence of a positive impact of surgery on survival in NPC [21] . Recent treatment advances have improved clinical outcomes, resulting in longer survival for NPC patients. Our results also show that the 5-year OS was longer for patients that were recommended surgery or received radiotherapy and chemotherapy compared to those that did not receive treatment.
NPC usually presents with LN metastasis, 36%-45% of NPC patients present with the initial symptoms of neck lymphadenectasis, and 60%-90% have cervical LN metastasis at NPC diagnosis [22] . A meta-analysis by Ho et al. revealed that 85% of 2920 Chinese NPC patients staged using MRI had LN involvement at diagnosis [23] , which is higher than our result (76.8%). We found that sex and T stage were not associated with LN metastasis, which is consistent with the report by Tomita and colleagues [24] . ey found that LN metastasis was not correlated with sex differences including lifestyle behaviors and biologic traits (e.g., sex hormones).
eir study divided patients into two groups (≤60 vs. >60 years) and found that age was not significantly correlated with the incidence of LN metastasis. However, we stratified age into five groups and found that younger patients (<40 years) had a significantly higher rate of LN BSCC, basaloid squamous cell carcinoma; CI, confidence interval; CSS, cancer-specific survival; HR, hazard ratio; KSCC, keratinizing squamous cell carcinoma; M, distant metastasis; N, node; NKSCC, nonkeratinizing carcinoma; NPC, nasopharyngeal carcinoma; OS, overall survival; T, tumor. a e 5-year OS and CSS for subjects of unknown race were 73.4% and 77.7%, respectively. b T1, nasopharynx, oropharynx, or nasal cavity; T2, parapharyngeal extension; T3, bony structures and/or paranasal sinuses; T4, intracranial extension and/or cranial nerves, hypopharynx, orbit, or infratemporal fossa/masticatory space. c N0, none; N1, unilateral cervical and/or unilateral or bilateral retropharyngeal node(s), ≤6 cm in greatest dimension, above supraclavicular fossa; N2, bilateral cervical node(s), ≤6 cm in greatest dimension, above supraclavicular fossa; N3, N3a: >6 cm in greatest dimension, above supraclavicular fossa; N3b: in supraclavicular fossa. metastasis than older patients. e effect of age on the LN metastasis remains disputed. In terms of T stage, Lv et al. examined 1067 patients with LN involvement in T1-T2 and T3-T4 groups and found no significant correlation between T stage and nodal involvement [25] . is suggests that T and N stages are dependent on tumor biological behaviors. erefore, it is appropriate to make clinical treatment decisions based on the T and N stages, rather than the total stage. e WHO pathological type of NPC has different clinical characteristics and prognostic information; it is significantly associated with the incidence of cervical LN metastasis. One retrospective study found that patients with NKSCC showed a higher incidence of LN metastasis than patients with KSCC [24] , which was in accordance with our results. Another retrospective population-based analysis reported an LN metastasis rate for BSCC to be 53.7% [26] , which was lower than our rate of 60.5%. e actual distributions of nodal metastasis as described in terms of LN level differs between studies. Most reported that level II and retropharyngeal LNs were the first affected by metastasis, with overall probabilities of 60%-80% [23, 25] . Chua et al. found a 29.1% rate of retropharyngeal LN involvement [27] . Our results showed that the probabilities of level II and retropharyngeal LN involvement were 65.9% and 13.5%, respectively. ese discrepancies may be attributed to variable detection methods and diagnostic standards. Retropharyngeal LN metastases are isodense and contiguous with the primary tumor and thus may not be identified as a separate mass on CT [7] . e superior softtissue contrast of MRI appears to be a better option for LN identification.
ese factors may have influenced the low incidence of retropharyngeal LN involvement compared to other reports. Several recent studies have reported that LN metastasis in NPC occurs in an orderly fashion from the higher to lower level LNs, and skip metastasis is rare, ranging from 0.5% to 7.9% [28, 29] . e overall frequency of skip metastasis in our series was 5.7%. Metastatic nodes from NPC have been associated with poor outcome, especially for cases with bulky nodes (>6 cm), necrosis, or nodes in the lower neck [30, 31] . Compared with the N0 + N1 group, the N2 group had a HR of 1.311 (95% CI: 1.135-1.514, P < 0.001) for OS and 1.351 for CSS (95% CI: 1.156-1.580, P < 0.001), while the N3 group had a HR of 1.625 (95% CI: 1.357-1.945, P < 0.01) for OS and 1.630 for CSS (95% CI: 1.342-1.979, P < 0.01). Although nodal metastases are associated with poorer prognoses, the recommendations for treatment, the correlation between LN metastases and distant metastases, and how tumor cells enter the bloodstream via LNs still remained debate. Two recent studies in mouse models revealed that distant metastasis is driven by direct invasion of tumor cells into LN blood vessels [32] rather than through the thoracic duct [33] . To examine the influence of LN metastasis on distant metastasis, we classified eligible patients into LN metastasis categories (e.g., level 2, levels 23, level 1, level 5, and levels 25).To our knowledge, this is the first population-based analysis to use LN metastasis compound category to provide evidence of the impacts of LN metastasis on distant metastasis and survival in NPC. Taking level 2 as reference, level 1 had an OR of 2.101 (95% CI: 1.090-4.047, P � 0.027) and levels 24 had an OR of 3.003 (95% CI: 1.074-8.395, P � 0.036) for distant metastasis after adjustment for age, sex, and race. Notably, levels 2345 category had the highest OR of 4.064 (95% CI: 2.155-7.666, P < 0.001) for distant metastasis. In survival analysis, levels 235 had a statistically significant HR of 1.708 (95% CI: 1.089-2.678, P � 0.020) for CSS compared to level 2 after adjustment for age, sex, race, histology, TNM stage, and treatment strategies, while it was not statistically significant before (HR � 1.518, 95% CI: 0.989-2.329, P � 0.056).
Our results should be interpreted with caution due to limitations associated with use of the SEER database. First, the database does not specify the detection methods or diagnostic criteria of LN involvement. Second, we did not include well-known prognostic factors such as nodal necrosis, nodal extracapsular spread, or laterality. It remains unknown if incorporating these factors would alter the study conclusions. Nevertheless, our findings provide evidence of the impact of LN metastasis category on distant metastasis and survival in NPC.
Conclusions
e incidence of LN involvement in NPC patients differed by age, race, histologic type, and M stage but not sex or T stage. Taking level 2 as reference, level 1, levels 2345, and levels 24 categories had significantly higher risks for distant metastasis after adjustment for age, sex, and race. Levels 235 had a statistically significant HR of 1.708 for CSS compared to level 2 after adjustment for age, sex, race, histology, TNM stage, and treatment.
